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and a lot of good ideas as well (it must 
be that elevated partial pressure of 
oxygen). In the San Blas, swimming 
over a newly bleached coral reef, we 
suddenly realized that the patterns we 
were seeing were perfectly explained 
by a result we had been getting in the 
lab. That was definitely one of those 
wonderful Eureka moments, when it 
feels like you have shaken the box of 
a jigsaw puzzle, thrown the contents 
on the floor and it lands all assembled. 
It’s also a perfect example of how 
unpredictable the pay-offs of basic 
research are, as this work, which 
was initially driven by curiosity, now 
informs management in the context 
of climate change.  And of course 
there are the ‘wow!’ moments that 
scientist and non-scientist alike can 
appreciate — being in the water when 
corals are engaged in their annual 
mass spawning orgy, or exploring 
reefs largely untouched by people 
and being confronted by large (and 
fearless) creatures your size or larger. 
I’ve always told my students that to be 
a good coral reef biologist, you have 
to live underwater for while.
To whom are you most grateful 
professionally? In addition to those 
I have already mentioned, Edward O. 
Wilson and George Maynard Smith 
were very influential during my early 
career. When I came to Harvard as a 
junior, my first course was Wilson’s 
course, which at the time covered 
ecology, evolution, animal behavior 
and population genetics all in one 
semester! I had arrived thinking 
I wanted to be a microbiologist, 
and molecular genetics was all the 
rage, but his inspiring lectures on 
biodiversity won me over. Later, during 
my first year in graduate school, 
Maynard Smith was on sabbatical, 
and I took his seminar course where 
we each had to present a scientific 
paper. Mine was the seminal (pun 
intended) paper by Geoff Parker 
and colleagues on the evolution of 
gamete dimorphism. Literally hours 
before class, while rummaging 
through a tome on Protozoa looking 
for exceptions to the predictions 
from that paper, I found an amazing 
set of data on the alga Volvox and 
its relatives. John said “you should 
publish that”, which led to my 
first scientific paper as well as my 
postdoc. I am also incredibly grateful 
to the many molecular geneticists who 
have collaborated with me — natural 
history and DNA are far more 
powerful when combined than they 
are in isolation. Last but not least, my 
scientist husband, Jeremy Jackson, 
has been a steadfast supporter and a 
life-long fountain of ideas.
What motivates you today? Since I 
began studying Caribbean coral reefs 
in the 1970s, 80% of the living coral 
there has been lost, and a similar 
story can be told for most marine 
ecosystems. We are literally playing 
Russian roulette with the planet, so 
in my field at least, it is not enough to 
just ‘do science’. I still love research, 
and indeed I hope before I retire to 
have figured out how many species 
(to the nearest order of magnitude) 
live in the sea by using next-gen 
sequencing to speed up the discovery 
process. But, I also spend a lot of my 
time trying to communicate science 
to the public and policy makers. That 
is why I wrote my popular book on 
ocean creatures, and why I brought 
the Institute for Figuring’s Hyperbolic 
Crochet Coral Reef to the museum. 
For the latter, 800 people ranging 
in age from three to one-hundred 
and one, even including homeless 
women, crocheted 4000 pieces that 
were assembled into a spectacular 
and inspiring fusion of science, art, 
conservation, mathematics and 
community that actually feels like a 
coral reef. 
Perhaps the most distressing thing 
about being a scientist today is the 
fact that an increasing number of 
people distrust science and scientists, 
and I’ll do whatever I can to turn this 
communication crisis around. The Aldo 
Leopold Leadership Fellows program 
and scientist-turned-filmmaker/author 
Randy Olson have inspired my ‘Beyond 
the Obituaries’ project, which is 
based on the notion that as bad as 
things are, people need more than 
predictions of doom and gloom. I think 
the key to finding the balance between 
science and advocacy, something that 
environmental scientists worry about 
a lot, is keeping my roles as a scientist 
and as a citizen distinct.
Any final thoughts? To succeed you 
have to love what you do and always 
be open to doing something new. 
Department of Invertebrate Zoology, National 
Museum of Natural History, Smithsonian 
Institution, MRC 163, PO Box 37012, 
Washington, DC 20013-7012, USA. 
E-mail: knowlton@si.edu
Strepsiptera
Dino P. McMahon,  
Alexander Hayward,  
and Jeyaraney Kathirithamby
Quick guideWho or what are Strepsiptera? The 
Strepsiptera, or ‘twisted-winged 
parasites’ are an order of parasitic 
insects. They can be found all 
over the world, living inside a wide 
variety of insect hosts. They were 
discovered in 1793 and are defined 
as ‘entomophagous endoparasitoids’. 
Strepsipterans attack insect species 
from 34 families distributed across 
seven orders — from silverfish to true 
flies. Strepsiptera are considered a 
small insect order with only around 
600 described species; although 
this figure is almost certainly a 
considerable underestimate. Whom 
they are most closely related to 
has been controversial, but recent 
studies suggest they are more closely 
related to beetles or their allies (the 
neuropterids) than to flies or other 
insects.
What is so unusual about them? 
Being parasitoids, strepsipterans 
show a number of extraordinary 
life-style features; for instance, the 
sexes are dramatically dimorphic. 
Females almost universally live in 
the host from infection as first instar 
larvae, right until the end of their life 
cycle. Consequently, they have lost 
eyes, antennae, legs and wings, and 
instead retain a larva-like appearance 
during reproductive maturity. The 
result is a cryptic and morphologically 
simplified organism (Figure 1). This is 
counterbalanced by increased size 
and reproductive output. Males, by 
contrast, emerge after pupation in the 
host as small free-flying insects. Their 
only task in the outside world is to find 
a female.
This must make sex rather 
cumbersome? True. Mating has to 
occur with the female inside the living 
host. The female extrudes a structure, 
the cephalothorax, through which 
the male inserts his sperm. Females 
give birth to live young, which is 
untypical for most insects, and the 
progeny reach the outside world via 
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Figure 1. Female and male strepsipterans.
A free-flying male (bottom right) and an endoparastic female whose cephalothorax (arrow) 
extrudes from the cuticle of a cricket host. The male is about 2 mm in length and the cricket 
about 10 mm. Photograph by Jeyaraney Kathirithamby.an external brood canal opening  
in the cephalothorax. The first instar 
larvae then actively seek out a new 
host — but how exactly they do  
this is not known. 
Is this true for all strepsipterans? 
No. In contrast to the above, one 
strepsipteran family (Mengenillidae) 
displays ‘transitional’ parasitic 
characteristics, i.e. pupation takes 
place outside the host, and the  
female is free-living.
What happens to the hosts? 
Strepsipterans have a very interesting 
interaction with their hosts. They sit 
very close to the parasite–parasitoid 
boundary. While parasitoids (typically 
wasps) directly kill their hosts, the 
association between strepsipterans 
and their hosts lasts longer and is 
more stable than in other parasitoids. 
Little experimental work has been 
conducted on how strepsipterans alter 
the behaviour of their hosts. Initial 
studies suggest that paper wasps that 
have been stylopised — this term is 
used to describe insects parasitised 
by Strepsiptera — desert the colony 
to form aggregates outside of the 
nest. Stylopisation can also result in 
morphological alterations: for example, in infected plant and leaf hoppers 
external genitalia can be extremely 
reduced, or even lost entirely.
Why are strepsipterans so little 
known? This may be primarily due 
to the fact that they hardly occur as 
free-living insects — except for some 
members of the family Mengenillidae 
and the brief female-searching 
expedition of males, which live for 
only five to six hours as adults. 
Adult female Strepsiptera are only 
distinguishable by the presence of the 
cryptic cephalothorax that protrudes 
from the cuticle of the host, and 
juveniles can only be discovered by 
host dissection.
So, why should we care about them? 
Their unique biology makes them 
an exciting model system for a wide 
range of questions. In evolution and 
ecology, parasites are crucial subjects 
for research, from their role in food 
webs and biological control to the 
underlying causes of speciation and 
host specificity. The strepsipteran 
family Myrmecolacidae is of special 
interest because it is parthenogenetic 
and includes one of the smallest 
insect genomes so far recorded. 
Furthermore, Myrmecolacidae display a very rare strategy: males and 
females of the same species attack 
completely different host species 
(males typically infect ants, whereas 
females attack grasshoppers, crickets 
or praying mantids). Male hosts 
include the invasive red imported 
fire ant, Solenopsis invicta, a highly 
problematic pest species that has 
severe negative consequences 
for humans and wildlife. The flight 
and sensory systems of male 
strepsipterans are also of interest. For 
example, the anatomical organization 
of the eye has been proposed as a 
modern counterpart to the ancient 
trilobite visual system, and their 
forewings are functionally ‘analogous’ 
to the halteres of true flies. In addition 
to the unusual fan-like shape of the 
flight-providing hindwings, these 
structural oddities may offer important 
comparative insights into sensory 
evolution and the biomechanics of 
insect flight. Furthermore, while a 
number of insect groups demonstrate 
considerable sexual dimorphism, 
none are quite like Strepsiptera, the 
females of which are morphologically 
extremely simplified. By comparing 
Strepsiptera with different insect 
systems, developmental studies 
could offer important insights into 
the evolution of development and 
metamorphosis.
Where can I find out more?
http://tolweb.org/Strepsiptera/8222
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